Introduction: Testicular adrenal rest tumors (TART) are a known consequence for males with classical congenital adrenal hyperplasia (CAH) due to 21-hydroxylase deficiency. TART are associated with potential infertility in adults. However, little is known about TART in very young males with CAH. Objective: We assessed the presence of TART in newborn, infant, and toddler males with classical CAH via scrotal ultrasound. Methods: Males with CAH had scrotal ultrasounds during the first 4 years of life, evaluating testes for morphology, blood flow, and presence of TART. Newborn screen 17-hydroxyprogesterone (17-OHP) and serum 17-OHP at the time of ultrasound were recorded. Bone ages were considered very advanced if ≥2 SD above chronological age. Results: Thirty-one ultrasounds in 16 males were performed. An initial ultrasound was obtained in four newborns at diagnosis (6.8 ± 2.1 days), six infants (2.2 ± 0.9 months), and six toddlers (2.4 ± 0.9 years). Eleven males had at least one repeat ultrasound. A large proportion (11/16) were in poor hormonal control with an elevated 17-OHP (325 ± 298 nmol/L). One infant was in very poor hormonal control (17-OHP 447 nmol/L) at initial ultrasound, and two toddlers had advanced bone ages (+3.2 and +4.5 SD) representing exposure to postnatal androgens. However, no TART were detected in any subjects. Conclusions: TART were not found by scrotal ultrasound in males up to 4 years of age with classical CAH despite settings with expected high ACTH drive. Further research into the occurrence of TART in CAH may elucidate factors that contribute to the detection and individual predisposition to TART.
Introduction
Classical congenital adrenal hyperplasia (CAH) due to 21-hydroxylase deficiency is a potentially life-threatening genetic cause of primary adrenal insufficiency characterized by cortisol, aldosterone, and epinephrine deficien-DOI: 10 .1159/000504135 cies, as well as androgen excess. It is an autosomal recessive disorder, characterized by a mutation in the CYP21A2 gene that encodes the steroid 21-hydroxylase enzyme needed for the biosynthesis of cortisol and aldosterone [1, 2] . Since the production of cortisol is hindered in CAH due to 21-hydroxylase deficiency, there is a loss of negative feedback to the hypothalamus/pituitary gland and subsequent ACTH hyperstimulation ensues. These high levels of ACTH in CAH patients have been shown to have deleterious effects and may contribute to the development of testicular adrenal rest tumors (TART).
In an individual who develops TART, one would expect the ectopic adrenal tissue to be present from the earliest moments of gonadal development [3, 4] . Testicular adrenal rest cells originate from adrenal cells that migrate with primitive gonadal cells from the urogenital ridge at approximately the 8th week of fetal development [5] . As a result, adrenal rest cells in males may come to reside within the testicles in prenatal life and ultimately reside anywhere along the path of their descent [6] .
TART are a well-known potential complication of CAH in males. They can become large testicular masses causing compressive irreversible damage to the testicular parenchyma, ultimately leading to fibrosis, decreased spermatogenesis, and decreased germ cells as seen on biopsy specimens of patients [7, 8] . Localizing the position of the tumors and determining the size may help determine a fertility prognosis. Patients with TART also have higher concentrations of steroid production including 17-hydroxyprogesterone (17-OHP) and androstenedione [9] . Identifying the tumor early can allow physicians to focus on treatment regimens to prevent infertility and control potential ectopic steroid production.
TART have been reported in adults and children as young as 4.1 years old by ultrasound, with a prevalence of 44% in adults and 21-33% in childhood [7, 10, 11] . At our center, TART have been diagnosed in males as young as 6 years old. TART was detected in 1/9 (11%) of patients 5-12 years old, and 4/19 (21%) of patients > 12 years old [12] . Historically, we know that histological evidence of TART can be found in post-mortem infants as young as 8 weeks old [3] . However, there is little known about the prevalence of TART in male newborns, infants, or toddlers with CAH.
Therefore, the aim of our study was to determine the presence of TART by scrotal ultrasound in newborn, infant, and toddler males with CAH due to 21-hydroxylase deficiency at a tertiary referral center for CAH. We hypothesized that TART would only be found in those with extremely poor hormonal control in this very young age group.
Participants and Methods

Study Participants
Subjects were recruited from our tertiary referral center for CAH. Inclusion criteria consisted of male sex with classical CAH due to 21-hydroxylase deficiency confirmed by biochemical and/ or genetic testing, including newborns (< 1 month old), infants (1 to 12 months old), and toddlers (older than 12 months up to 4 years old). Exclusion criteria consisted of female sex, CAH not due to 21-hydroxylase deficiency, or age ≥4 years.
Study Design
Scrotal ultrasounds (14-MHz linear array transducer, Toshiba Aplio 500; Toshiba America Medical Systems, Inc., Tustin, CA, USA) were performed prior to the age of 4 years. Testes were evaluated for morphology and blood flow, with particular emphasis on examining for the presence of lesions consistent with TART. Newborn screening for CAH, via elevations in 17-OHP, is state mandated in California and has an estimated sensitivity of 98.5% and specificity of 99.9%, with activation cutoffs stratified by weight and gestational age. Newborn screening 17-OHP levels were recorded as a measure of disease severity at birth, and serum 17-OHP and androgen (testosterone and androstenedione) levels closest to time of imaging were recorded as measures of hormonal control.
The most recent hydrocortisone replacement dose (mg/m 2 / day) each subject maintained for at least 3 weeks prior to the time of ultrasound was recorded. Hydrocortisone replacement dose was not recorded for subjects without a stable dose for at least 3 weeks prior to the time of ultrasound.
Bone age was assessed in subjects when there was clinical concern, using a left hand X-ray to examine for signs of epiphyseal maturation, and read by a pediatric endocrinologist (M.S.K.). Bone age was not routinely performed in our young cohort of infants and toddlers. A bone age more than two standard deviations from chronological age were considered to be very advanced.
Descriptive statistics are presented as mean ± SD.
Results
Study Population
Sixteen males with CAH due to 21-hydroxylase deficiency were studied. Fifteen males had the salt-wasting form and one had the simple virilizing form. At the time of ultrasound, average hydrocortisone doses were 29.5 ± 11.4 mg/m 2 /day for infants < 6 months, 17.1 ± 7.4 mg/m 2 / day for infants > 6 months, and 13.0 ± 4.1 mg/m 2 /day for toddlers. The average newborn screen 17-OHP for all participants was 424 ± 206 nmol/L (range 73-800).
Scrotal Ultrasound
Thirty-one ultrasounds were performed on 16 males. had an initial ultrasound prior to 4 months of age. One male infant was in very poor hormonal control (17-OHP was 447 nmol/L at the time of the initial ultrasound) but remained TART-negative on two additional ultrasounds at 7.5 and 13.6 months of age despite having an increase in 17-OHP to 1,025 nmol/L, and very advanced bone age (+3.2 SD). Six toddlers had their initial ultrasound between 1 and 4 years of age. One toddler also had a very advanced bone age (+4.5 SD), likely representing substantial exposure to postnatal androgens, but did not exhibit TART on ultrasound. At the time of the ultrasounds, a large proportion of males were in poor hormonal control, with 11 of 16 males exhibiting a considerably elevated 17-OHP of 325 ± 298 nmol/L despite being on high doses of hydrocortisone in most cases.
Overall, no TART were detected on any scrotal ultrasounds. Normal testicular morphology and blood flow were noted in all subjects.
Discussion and Conclusion
In this study, we looked for the presence of TART in males as young as newborns with repeated ultrasounds throughout the first 4 years of life. No TART were detected by ultrasound in males with classical CAH up to 4 years of life, including newborns at the time of diagnosis, infants, and toddlers. Despite high serum 17-OHP levels at birth and poor hormonal control in 11 of 16 subjects, including two toddlers with very advanced bone ages, ultrasound screening for TART remained negative in our cohort. Although we did not measure plasma ACTH in the study subjects, it can be inferred that plasma concentrations would be high given the magnitude of the 17-OHP concentrations in many of the boys. Our results suggest that poor hormonal control, or high ACTH levels alone, do not seem to be sufficient to drive the growth of detectable adrenal rest tumors in this age group [11] . However, our negative findings could also simply be a result of an absence of adrenal rest tissue.
The prevalence of TART in males has been estimated to be 33% in boys and 44% in men with classical CAH [10, 13] . Although the prevalence of TART is lower in pediatric patients, several investigators have noticed the presence of TART in males as young as 4.1 years, 6.2 years, and 7.5 years of age [7, 10, 14] . Furthermore, newborns with CAH have significantly lower cortisol concentrations with compensatory elevation of plasma ACTH levels, which should theoretically promote growth of adrenal rest tissue and lead to the development of TART [3, 15] . ACTH levels have been previously correlated to the prevalence of TART in adult males [16] . One possible explanation for the decreased prevalence of TART in pediatric patients, however, is that a prolonged postnatal duration of exposure to elevated ACTH levels is important in stimulating the growth of TART [17] . The role of ACTH is supported by the finding that early-stage TART can regress with high-dose glucocorticoid therapy. Furthermore, TART can be present in males with poorly controlled Addison disease [18] and in the ovaries and/or paraovarian regions in females with poorly controlled CAH [19] . Further research on the presence of TART in ectopic ACTH syndromes (small-cell lung cancers, islet cell tumors, etc.) could reinforce the theory that ACTH influences TART development.
The importance of early detection of TART has several advantages. First, the presence of TART in a newborn or infant could indicate a high ACTH concentration in utero, which could provide a CAH disease severity measure. Secondly, TART are a well-known comorbidity in males with CAH and can cause infertility and severe pain due to the compression of the testicular parenchyma. Patients with TART are counseled to consider infertility as a possible consequence, and cryopreservation of sperm may be recommended to these patients in the earlier stages of tumor development. While these are consequences of long-standing TART, early identification may aid in addressing the tumor at a preliminary stage as several case studies have reported the use of intensified glucocorticoid treatments to prevent growth and promote regression of these tumors [9] .
Autopsy studies suggest that the prevalence of adrenal rest cells is variable. One of the earliest reports suggests that ectopic adrenal tissue can be found on autopsy in 50% of the healthy neonates and children [20] . Other autopsy studies have found aberrant adrenal tissue in 7.5% of the individuals as an ovoid mass near the testes, with 1.5% located close to the rete testes [4] . Furthermore, ectopic adrenal tissue during exploration for hernia repairs has been noted in 2.7% of the cases [21] . A study of 89 deceased male neonates, without CAH and specifically examining the testes, found that only 4 out of 115 (3.5%) contained TART and only one of these near the rete testis [7] . By contrast, another study found adrenal nodules on autopsy in the testes of 43% (3/7) of the male CAH infants > 8 weeks of age and 100% (n = 14) of the children > 14 months of age [3] . This seems to suggest that while adrenal tissue is uncommonly found in the testes, there could be undetectable progenitor cells that require further stimulus to be able to grow to detectable levels. Hence the DOI: 10.1159/000504135 prevalence and natural course of regression of testicular adrenal rest tissue in infants with CAH merits further research and could yield an increased understanding of the mechanisms that promote tumor formation in some but not others. Overall, a more in-depth understanding of TART in male infants and toddlers with and without CAH could help inform future clinical screening guidelines.
Our study results should be interpreted in light of certain limitations. It is unclear whether the lack of detection of TART in our cohort is related to the limited sensitivity of ultrasonography, although the scrotal ultrasound technique can detect 2-to-3-mm lesions, or if TART are simply absent in these patients. Furthermore, our sample size is small with limited power to detect a small prevalence of TART. The majority of families approached agreed to participate in the study, but the total number of eligible newborn, infant, or toddler patients with CAH is decreased by up to half when recruiting only males. A larger cohort of very young males with CAH could allow us to better characterize the absence or presumed very low prevalence of TART. Finally, temporal variation in hormonal control cannot be captured with our available serum test results and could result in misclassification of those in good versus poor control.
In conclusion, in our study, TART were not detected by ultrasonography in very young males up to 4 years of age with classical CAH, despite conditions of high ACTH drive at birth and pretreatment, and conditions of poor hormonal control while on treatment. Larger sample sizes with pooled test data across centers could aid in assessing the true prevalence of TART in these very young males. Further study is needed to understand individual predisposition to TART, the regression of testicular adrenal rest cells in infants, and the sensitivity of imaging modalities in the detection of TART.
